Abstract-In this study we present an integrated system for supporting the diagnosis of endometrial cancer. The system consists of an electronic patient record that incoporates a hysteroscopy imaging CAD system for the early detection of endometrial cancer. The electronic patient record is based on information collected from: appointments, patient info, hysteroscopy reporting and pharmacy. The CAD system is based on ROI manual or semi-automated extraction, texture feature computation and SVM and C4.5 classification into normal/abnormal. The highest percentage of correct classifications score (%CC) for the SVM classifier was 79°.4 for the YCrCb color system using the SF+SGLDS texture feature sets for differentiating between normal vs abnormal ROIs. The C4.5 algorithm gave slightly lower classification scores, but also classification rules. The proposed system offers an integrated platform to the physician for assessing suspicious areas of endometrial cancer. However, further work is needed to validate the system with more cases and more users of the prototype.
I. INTRODUCTION
T HE American Cancer Society estimated that over 42,160 new cases of endometrial cancer will be diagnosed in the United States in 2009 and about 7,780 women will die this year [1] . Within the female population, gynaecological cancer accounts for the second highest mortality rate. Early diagnosis and treatment of gynaecological cancer are essential for better quality and longer life.
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978-1-4244-5379-5/09/$26.00 ©2009 IEEE standard technique for the diagnosis of intrauterine pathology [3] .
The objective of this work was to implement an integrated hysteroscopy imaging CAD system for supporting the gyneacologist both in the office examination as well as in the operation theater for the early detection of endometrial cancer. The integrated system consists of the electronic patient record that incorporates also a CAD system. The CAD system is based on ROI manual or semi-automated extraction, texture feature computation, and SVM and C4.5 classification into normal/abnormal. The proposed integrated system targets in helping the physician to save time, to be more efficient and to increase his/her diagnostic accuracy during the hysteroscopy operation. To the best of our knowledge, no similar system was implemented for supporting the gyneacologist both in the operation theater and in the office routine examination.
In previous work, we proposed a standardized protocol based on color imaging correction, texture features extraction and analysis for the assessment of endometrial tissue. The use of a standardized protocol for color correction, capturing and analyzing endoscopic video will facilitate the wide spread use of quantitative analysis as well as the use of CAD systems in gynaecological endoscopy [4] - [6] .
The rest of the paper is organized in the following four sections. In sections II, III, IV and V we present the electronic patient record, hysteroscopy imaging, results and concluding remarks, respectively. II The EPR application consists of the following four modules: appointments (covering the secretarial functionality), patient file (covering the patient medical file of the patient), pharmacy, and hysteroscopy reporting (covering the hysteroscopy examination).
A. Appointments
The secretary and the physician both have access to the first module of the application. They can add new appointments and edit an existing appointment. The appointments have similar fields with the visits table and it contains the time and duration of the appointment. 
B. Patient File
The patient file module contains medical information about the patient that can be accessed only by the physician. The patient file consist of the following: 1)General History ofPatient . First of all, there is a table that contains all the examinations of the patient in the current medical center. There are a number of tables that describe patient's general health, operations, family history, habits of the patient like alcohol or smoking, and finally the allergies that the patient noticed until now.
2) Gynecology Data. The gynecological data of the patient are saved in the table called gynaecology history, as well as all previous gynecological tests are saved in the field gynecological history test. The connection between the tables is based on visit id.
3) Clinical Examination Data.
Every examination has a number of fields that describe the health status of the patient. These fields describe the physical structure of the patient, the reason of her visit, the diagnosis and the treatment.
C. Pharmacy
The pharmacy module consists of the following tables: draug, ingredients of the drug, ingredients info and drug dosage. The pharmacy module is connected with the treatment table of the clinical examination of the patient file module.
D. Hysteroscopy Reporting
This module covers all the details of the hysteroscopy examination including: raw video, images of the ROIs under investigation, the findings of the hysteroscopy imaging CAD system (see section III), and the hysteroscopy examination report, including the instrumentation used in the operating theater.
The implementation of the database was carried out using the tool "SQL Manager Lite for MySQL" [7] , based on MySQL command language that is one of the most popular open source databases. The interface of the application was implemented with Microsoft visual studio 2005 C#.
III. HYSTEROSCOPY IMAGING CAD SYSTEM
The proposed hysteroscopy imaging CAD system consists of three different modules: a) the hysteroscopy camera, b) the video grabber, and c) the video processing and analysis. The working framework is based on a newer version of the standardized protocol for CAD hysteroscopy examination method that was proposed by our group, as documented in Fig. 2 [4] . Figure 3 shows an overview of the hysteroscopy imaging CAD system.
A. Hysteroscopy Camera
The proposed system was implement and tested using the KARL STORZ IP4.l Camera [8] , which contains also the luminance source and the monitor. The analog output of the system is connected with a frame grabber. The camera was white balanced (see step 1, Fig. 2) .
B. Frame Grabber
The analog output signal of the camera (PAL 475 horizontal lines) was digitized at nOx576 pixels using the Hasotec-37 video grabber [9] (24 bits color at 25 frames per second).
C. Video Processing and Analysis
This module consists of the following sub modules: 1) Compute color correction parameters. For computing the y-correction coefficients we capture 24 ROIs from color palette [10] (see step 2 and 3 Fig. 2 ).
Calibration and Color Correction EstimationParameters:
1. Calibrate the camera following the guidelines by the manufacturer (i.e. white balance). This provides optimal-viewing calibration that will be environmentally dependable. 2. Capture the color palette ROls and their corresponding digitally generated values based on the data given by the manufacturer. 3. Calculate the gamma correction parameters.
Video Acquisition, ROJSelectionand Color Correction: 4 . Acquire images at an angle that is nearly orthogonal to the object under investigation (only allowing 3 degree deviation) and at distances of 3cm (close up) to 5cm (panoramic). 5. ROls selection:
a. Manually crop ROls of 64x64 pixels of suspicious areas to be investigated and/or b. Semi-automatically select a central region of 256x256 pixels, consisting of 16 ROls of 64x64 pixels to be investigated. 6. ROls are y-corrected and visually assessed. 
Texture Analysis and Classification

Reporting/Diagnosis
12. Generate electronic patient record and hysteroscopy imaging CAD reports (including biopsy findings). 2) Video acquisition. The physician selects when to capture video of suspicious areas to be investigated (for more details for the procedure followed for capturing video from the endometrium see [4] ). The physician has the option to select / freeze frames and mark manually ROIs (64x64 pixels) for further investigation (see step 5.a, Fig. 1 ), or semiautomatically, by cropping a central region of 256x256 pixels consisting of 16 ROIs of 64x64 pixels (see step 5.b, Fig. 2 ). The freezed frames and/or ROIs are then y-corrected (see step 6, Fig. 2 ).
3) Color systems conversion. ROIs are converted from the original RGB to the YCrCb, and HSV color space systems (see step 7, Fig. 2 Fig. 2 ) [5] . 5) ROI Classification. The SVM classifier was implemented and trained to classify the texture features into two classes: i) normal or ii) abnormal. The SVM with Gaussian Radial Basis Function (RBF) kernel was investigated using 10-fold cross validation in order to identify the best SVM training parameters such as the spread of the RBF kernels [11] . The leave-one-out method was then used for validating all the classification models (see step 9.a, Fig. 2) .
The performance of the classifier systems were measured using the parameters of the receiver operating characteristic (ROC) curves: true positives (TP), false positives (FP), false negatives (FN), true negatives (TN), sensitivity (SE), specificity (SP), and precision (PR). We also computed the percentage of correct classifications score (%CC) based on the correctly and incorrectly classified cases. 6) Data mining. C4.5. The C4.5 algorithm, the successor and refmement of ID3, which have the divide-and-conquer approach to decision tree induction, was employed. The algorithm uses the information gain criterion and the gain ratio. It works top-down, seeking at each stage an attribute to split on that which best separates the classes, and then recursively processing the sub problems that result from the split. The algorithm uses heuristics for pruning derived based on the statistical significance of splits (see step 9.b, Fig. 2 ) [12] , [13] . 7) Video/Imaging Database. This sub module is a subset of the hysteroscopy reporting module. It stores hysteroscopy procedure data, texture features, and SVM and C4.5 classification results (see step 10, Fig. 2 ). 8) Web Application. This sub module supports the real-time and off-line CAD analysis of hysteroscopy imaging from a remote endoscopy operation theater. It targets to provide a second opinion to the physician working on the remote site (see step 11, Fig. 2) .
All of the above modules were implemented using the with Microsoft Visual Studio 2005 framework 2.0 net. The interface between the Hasotec-37F video grabber and the software was implemented using the open source Directshow .net libraries [14] . The texture feature analysis algorithms were implemented using C#, and the SVM classification algorithm was implemented using the Emgu CV .net open source library [15] . The implementation of the database was carried out using the tool "SQL Manager Lite for MySQL" [7] .
IV. RESULTS
The proposed integrated hysteroscopy imaging CAD system was evaluated on a total of 40 subjects, with 202 and 202 normal and abnormal ROIs of the endometrium investigated. The system targets in helping the physician to save time, to be more efficient and to increase hislher diagnostic accuracy during the operation. Table I tabulates the classification performance of the SVM and C4.5 classification algorithms. The leave one out method was used for computing the results of the SVM models. The highest classification score for the SVM models was achieved for model no 2, that gave a percentage of correct classifications score of79% [5] .
The C4.5 models were trained with 202 images (101 normal, and 101 abnormal) and were evaluated on the remaining 202 images (101 normal, and 101 abnormal ROIs). The performance measures were given for the average of 10 runs per model. The %CC for the C4.5 model for the Y model using the SF+SGLDS+GLDS feature sets were 71%. Sample rules also extracted with this module, include the following [6] :
• SGLDM Cor <= 0.97 AND SF_Mode > 102 AND GLDS_Eng > 0.26 -> Normal ROI.
• SF Mode > 102 AND SF_Kurt <= 2.54 AND GL-DS_Eng > 0.26 -> Normal ROI.
• SF_Mode <= 102 AND GLDS_Hom <= 0.52 -> Abnormal ROI.
• SGLDS Asm <= 0.01 AND SGLDM_Sumav<= 390 AND GLDS_Eng <= 0.26 -> Abnormal ROI.
V. CONCLUDING REMARKS
An integrated system consisting of an electronic patient record and a hysteroscopy imaging CAD system supporting the early detection of endometrial cancer was presented. The electronic patient record is based on information collected from: appointments, patient info, hysteroscopy reporting and pharmacy. The CAD system is based on ROI manual or semi-automated extraction, texture feature computation and SVM and C4.5 classification into nonnal/abnonnal. The highest percentage of correct classifications score for the SVM classifier was 79% for the YCrCb color system using the SF+SGLDS texture feature sets, whereas the C4.5 gave lower classification scores but the C4.5 models were also supported with classification rules. The system offers an integrated platform to the physician for assessing suspicious areas of endometrial cancer, however further work is needed to validate the system with more cases and more users of the prototype. Fig. 4 . Analysis of ROI results of the CAD system (based on the normal and abnormal ROIs illustrated in Fig. 3 ). Left column: Abnormal ROI RGB histograms. Middle Column: Texture features for the Y channel of the YCrCb system of the Abnormal ROI. Right Column: Mapping of the texture features median, variance, contrast and entropy of the ROIs under investigation on bar plots. The lower and upper bounds of these plots are based on the analysis of normal and abnormal ROIs for the SF, SGLDM, and GLDS texture feature sets using the Y channel of the YCrCb color system (see [4] for details). The green color of the feature map is used to illustrate the normal region, whereas the red color the abnormal region. It is shown that: i) the normal ROI (N) investigated is within the normal bounds for the SF Med SF Var SGLDM Cont and GLDS Entr features; ii) the abnormal ROI (A) investigated is within the normal bounds for the feature SF_Var, but 'is out of'the normal bounds (i.e. it fails in the abnormal regions) for the features SF Med, SGLDM Con, and GLDS Entr. The ROI classification results of the SVM classifier are shown on the lower part of the figure. It is illustrated that both th~normal and abnormal ROIs under investigation were correctly classified .
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